Background: Several risk factors are associated to hip fractures. It seems that different hip fracture types have different etiologies. In this study, we evaluated the lifestyle-related risk factors for cervical and trochanteric hip fractures in older women over a 13-year follow-up period.
Background
The incidence of hip fractures is highest worldwide in Scandinavia [1] . In Finland, the number of hip fractures among older people almost doubled between the early eighties and early nineties, but since then, a decline in hip fracture incidence has been observed both in Finland and around the world [1, 2] . The total number of hip fractures, however, is likely to rise due to increased longevity [3] .
The etiology of hip fractures is multifactorial. The risk factors include female sex and advanced age [4] , Caucasian race, [5] , low body mass [6] , and chronic illnesses [3] . During the last few decades, physical inactivity has been shown to be associated with a greater hip fracture risk among older people [7] . In large, prospective studies, moderate or high leisure time physical activity has been associated with a 28-42% reduction in hip fracture risk [6, [8] [9] [10] . Physical activity has several advantages, including increased bone strength [11] and decreased risk of falling [12] . During the postmenopausal years, physical activity has been shown to be beneficial for femoral bone density and geometry [11, 13, 14] . High impact exercise is most beneficial for bone formation and for the maintenance of bone mass [15] [16] [17] . Long-term lowimpact type of exercise can also decrease bone loss at the proximal femur [14] and can maintain muscle strength and balance, consequently decreasing the risk of falling [18] . Because approximately 90% of all hip fractures occur as the consequences of falls [19] , decreasing the risk of falling is also crucial.
Hip fractures can be divided into two principal groups: cervical (femoral neck) fractures and trochanteric fractures. The different etiologies of these fracture types have been observed [20] . In women, bone geometry and pelvic structure have greater effects on cervical fracture risk, while low bone density is associated with trochanteric fractures. Additionally, women with trochanteric fractures appear to be older than women with cervical fractures. Because the risk factors seem to differ between hip fracture types, different strategies might be needed to obtain optimal results in terms of individual fracture risk assessment and hip fracture prevention.
In a previous study, we reported on the different clinical risk factors for cervical and trochanteric fractures [21] . The aim of the present study was to assess further the lifestyle-related risk factors for hip fractures at different bone sites among older female subjects during an extended 13-year follow-up period.
Methods

Subjects
A detailed description of the study population has been previously published [22] . In brief, all 1681 homedwelling women, born between 1924 and 1927 residing in Oulu, Finland, in November 1997, were invited to participate in the study (Figure 1 ). 1222 women (73%) out of them were willing to participate. There were no exclusion criteria. The fracture histories of these 1222 women as well as the 459 non-participants were surveyed for 13 years, from Dec. 1, 1997 1, , to Dec. 31, 2010 . The procedures of this study were in accordance with the Declaration of Helsinki. The Ethics Committee of the Northern Ostrobothnia Hospital District approved the study design prior to conducting the study. All of the participants provided written informed consent.
Methods
The study methods have been described in greater detail elsewhere [22] . Postal questionnaires and interviews were used to collect the baseline data regarding lifestyle factors, including a medical history, smoking habits, alcohol and coffee consumption, lifetime leisure-time physical activity, and calcium intake. The clinical examination included anthropometric measurements and an assessment of functional mobility and dynamic balance using the "Timed Up & Go" (TUG) test [23] . In the TUG test, the subject was timed while she rose from a chair, walked 3 meters, turned, walked back, and sat down again. The TUG test was performed two times consecutively, and the faster time was used in further analyses. In all the tests the subjects were asked to walk at a brisk speed with the help of their standard (if any) walking aid. To assess leisure-time physical activity, a modified Paffenbarger questionnaire was used [24] . The participants were asked to classify themselves according to their frequency and intensity of physical activity during four time periods in their lifespans using a four point scale, corresponding to the ages of 15 years old, 30 years old, and 50 years old and to their current ages. Dairy calcium intake was calculated during the same four time periods of their lifespans [25] .
Thirteen-year incident fragility fracture data, regarding hospital-treated fractures in all 1681 women, were collected from hospital discharge registers. A hip fracture was defined as a fracture with ICD-10 (International Classification of Diseases, 10th revision) code between S72.0 and S72.2, S72.0 being classified as a cervical fracture and S72.1 and S72.2 as trochanteric fractures. All of the hip fractures were confirmed manually from medical records to avoid the bias of recording multiple hospitalizations due to a single fracture. The women who only had fractures other than hip fractures were excluded from the final analysis, and subjects with hip fractures were compared to the women with no fractures during the follow up period.
Statistical analysis
The data were analyzed with PASW Statistics software (Release 18.0.0, IBM Corporation, Route 100, Somers, NY, USA). The participants were classified according to their fracture histories as follows: a) no fracture (NF), b) cervical fracture (Neck Fx), and c) trochanteric fracture (Troch Fx). For the analyses related to leisure exercise exposure, physical activity indices at different ages and a lifetime physical activity index were calculated [22] . The indices were divided into quartiles (very low, low, moderate, and high). Similarly, self-rated mobility was classified into four categories (poor, moderate, good, and very good). Missing calcium intake data for 229 women (18.7%) were replaced with the study population's mean value. The results of the TUG test were categorized using a cut-off value of 11 seconds, based on a receiver operator characteristics (ROC) analysis. The women with diagnosed heart insufficiency, cerebrovascular disease, or coronary heart disease were aggregated to a cardiovascular disease (CVD) group.
For continuous variables, the differences between the NF and Hip Fx groups were compared using an independent samples t-test. For the dichotomous variables, a χ 2 -test was used. Similarly, to compare the NF, Neck Fx, and Troch Fx groups for significant differences, one-way ANOVA (post hoc algorithm: Scheffé's test) and an independent samples Kruskal-Wallis method were used for continuous and categorical variables, respectively. When comparing the Neck Fx and Troch Fx groups, the first hip fracture type that occurred was selected for analysis in women with multiple hip fractures. Multiple Cox regression analysis was performed to analyze the relative roles of different variables in hip fracture risk. The variables associated with hip fractures in univariate analyses were selected as covariates to calculate hazard ratios (HR) and 95% confidence intervals (95% CI) for different types of hip fractures. In Cox regression analysis, a forward stepwise procedure was used to determine the most predictive variables for hip fracture risk. All regression models were adjusted with age and body mass index (BMI). In stepwise method probability for entry was p < 0.05 and for removal p < 0.10. All women who did not experience a hip fracture during the follow up period (i.e. the women who died during the follow up period or survived to the end of the follow up period without fractures) were considered as censored. For the regression analysis, the two lowest and two highest physical activity categories were combined. In Kaplan-Meier analysis, a log rank test was used to compare the equality of survival distributions for the different physical activity indices (very low or low vs. moderate vs. high). In all of the tests, p-values less than 0.05 were considered statistically significant.
Results
During the 13-year follow-up period, 366 subjects (30%) out of 1222 sustained a bone fracture ( Figure 1 ). Seventy- seven subjects (6.3%) had a hip fracture. Four women out of 77 had two hip fractures, and one woman had three hip fractures. Forty-nine (4.0%) women had cervical fractures, thirty-one (2.5%) had trochanteric fractures, and three (0.2%) women had both fracture types. In total, 51 of the fractures were cervical, and 32 fractures were located in the trochanteric region. The final study sample (n = 933) consisted of the 77 subjects with hip fracture and the 856 subjects with no fracture.
The mean age of all of the women at the baseline clinical examination was 72 years old. BMI varied between 15 and 46 kg/m 2 (mean 27 kg/m 2 ). The mean weight at baseline was 68 kg (range 40-113 kg), and the mean height was 159 cm (range 139-177 cm). The women with hip fractures were older (p = 0.002), taller (p = 0.012), and thinner (p = 0.041) than the women without fractures ( Table 1) . During the thirteen-year follow-up, 298 (24.0%) women died ( Figure 1 ). No differences were observed in death rate between the women with and without hip fractures. Additionally, no differences were observed in calcium intake between the participants with hip fractures and the participants without hip fractures. Fewer women with hip fractures had hypertension.
No differences were observed in lifetime physical activity between the NF and Hip Fx groups nor between the NF, Neck Fx, and Troch Fx groups. However, when comparing physical activity at the age of 72 years (i.e. at baseline), the women with hip fractures were more sedentary than those with no fractures (very low or low vs. moderate or high, p = 0.016). This difference was also observed between the NF and Neck Fx groups (p = 0.003) but not between the NF and Troch Fx groups (p = 0.538). Similarly, high physical activity at the age of 72 protected from cervical hip fractures compared to the more sedentary women (very low, low, or moderate vs. high, p = 0.005 for Neck Fx vs NF, p = 0.02 for Troch Fx). The women with hip fractures had lower functional mobility (p < 0.001). Poor performance in TUG test was associated with an increased risk of both fracture types (p < 0.001). There was no difference in functional mobility between the groups of women with different hip fracture types. Self-rated mobility at baseline was not associated with the risk of hip fractures.
Low functional mobility, measured using the TUG test, was the best independent predictor of both cervical and trochanteric fractures in Cox regression analysis (HR = 3.4, 95% CI 1.8-6.6, and HR = 5.3, 95% CI 2.5-11.4, respectively) ( Table 2 ). Low physical activity in the beginning of the follow-up period was associated with an increased hip fracture risk, especially with the risk of cervical fractures (HR = 2.5, 95% CI 1.3-4.9). There was no relationship between fractures and physical activity earlier in life. Moderate coffee consumption (>3 cups per day) and arterial hypertension decreased the risk of cervical fractures (HR = 0.4, 95% CI 0.2-0.8, and HR = 0.4, 95% CI 0.2-0.8, respectively), whereas daily smoking was a risk factor for trochanteric fractures (HR = 3.2, 95% CI 1.1-9.3). Low BMI was associated with both fracture types, as well as with a general hip fracture risk (HRs between 0.83 and 0.89). Neither estrogen treatment nor specific osteoporosis medication at baseline was associated with the future risk of hip fractures.
A significant difference between the baseline physical activity categories (very low or low vs. moderate vs. high) was found in Kaplan-Meier survival analysis, with the exception of trochanteric fractures (Figure 2 ). High physical activity protected the women from hip fractures (p-values of log rank tests: Hip Fx p = 0.012; Neck Fx p = 0.002; Troch Fx p = 0.578). After adjusting the model for the change in BMI between 1997 and 2004, the protective effect of physical activity against cervical hip fractures, but not all hip fractures, remained (p = 0.017).
Discussion
In this prospective, population-based, 13-year cohort study, low physical activity was a strong risk factor for cervical, but not for trochanteric, hip fractures. Additionally, functional mobility, measured with the TUG test, and low BMI were associated with the risk of both hip fracture types. Other clinical factors appeared to differ between the hip fracture sites: hypertension and coffee consumption of more than three cups per day decreased the risk of cervical hip fractures, while daily smoking increased the risk of trochanteric hip fractures.
Physical activity helps to maintain muscle strength and mobility and thus prevent falls in older people [18] . In contrast, a more active lifestyle has been shown to increase the incidence of nonsyncope falls and related traumas, e.g., wrist fractures [14, 26] . Our results showed that the women with high physical activity at baseline had a lower risk of future hip fractures (especially the risk of cervical fractures) than women with moderate or low activity. A similar dose-response relationship has been reported in both male [27] and female populations [6, 28] . Based on our results, regardless of earlier lifetime physical activity, an active lifestyle in the postmenopausal years decreases the fracture risk. Both Feskanich et al. [28] and Michaëlsson et al. [27] reported that by increasing physical activity during the lifespan, the fracture risk could be diminished, whereas Høidrup et al. [10] reported that increments in physical activity during follow-up did not influence the risk of hip fractures. In our study, no longitudinal data on physical activity during the follow-up period were available.
Baseline physical activity was associated with cervical, but not with trochanteric, fractures in our study population. This finding might indicate an association between physical activity and femoral geometry. Previously, it has been shown that bone geometry is associated with cervical fracture risk, while bone density is more strongly related to the risk of trochanteric fractures [29] . Furthermore, it has been shown that mechanical loading is a strong external determinant of the structure and concomitant strength of the femoral neck [30] . Therefore, this finding may arise from the structural weakening of the femoral neck caused by a low physical activity level. In particular, the thinning with age of the superolateral femoral neck cortex leads to the loss of elastic stability due to under loading of this site, exposing it to local buckling of the cortex [31, 32] . Based on the current results, it can be assumed that this structural weakening may accelerate in individuals with low levels of physical activity, thus increasing the risk of femoral neck failure. In this study, we evaluated functional mobility using the "Timed Up & Go" (TUG) test. The TUG test is easy to perform and reproducible, and it is a sensitive and specific measure for evaluating fall risks [23, 33] . In our study, 11 seconds was selected as the threshold value for the TUG test based on receiver operator characteristics (ROC) analysis. Thirty-three percent of the subjects took more than eleven seconds to complete the test. We found low functional mobility to be a risk factor for both types of hip fractures. Similar results with a similar population were reported earlier for general hip fracture risks among subjects with slow TUG performances [34] . In some studies, walking speed and repeated rising from a chair have been used as alternatives to the TUG test to assess mobility and neuromuscular function. In a study by Fox et al. [35] , walking speed was associated with both hip fracture types, but the ability to complete five chair stands was not associated with either. In contrast, Cummings et al. [8] reported that subjects unable to rise repeatedly from a chair had a higher risk of hip fractures. Because functional mobility is easy to assess, it should be routinely evaluated to screen for individuals at high risk for fragility hip fractures.
The role of arterial hypertension as a risk factor for hip fractures is somewhat controversial. Hypertension alone has been shown to increase fracture risks by affecting calcium metabolism [36] , as well as by increasing the risk of falling due to reduced baroreflex sensitivity or hypotension [37] . In the present study, hypertension was found to be protective against hip fractures. This may be due to the use of thiazides as diuretic medication for hypertension. Thiazide diuretics have been reported to have positive effects, in terms of bone strength [38] , by reducing urinary calcium excretion and helping to maintain calcium balance [39] , and by inhibiting bone resorption by means of inducing metabolic alkalosis [40] .
Multiple studies have indicated that smoking increases fracture risks in both women and men [41, 42] . Numerous reasons for increased fracture risks have been suggested. These reasons include direct toxic effects on the bones due to exposure to nicotine, reduction of calcium absorption, transient increases in cortisol levels after smoking, lower BMI, and an increased risk of falling in smokers, as well as lower estrogen levels and earlier menopause [43] . In our population, there were only seven fracture subjects who declared at baseline that they smoked daily. The observed increase in trochanteric fracture risk may be due to the above-mentioned reasons, but the ultimate reason cannot be determined. Because the trochanteric region is rich in trabecular bone, the increased risk might occur because tobacco affects this metabolically active region. However, the small number of fractures limits the statistical power of this finding. Nevertheless, our results suggest an increased risk of trochanteric fractures among smokers and are in line with earlier studies.
Our results suggest that coffee consumption of more than 3 cups per day may prevent cervical hip fractures. However, excessive coffee drinking has been reported to be associated with an increased hip fracture risk [8, 21] . In a recent review by Higdon and Frei [44] , the effects of coffee on bone density and hip fracture risk were discussed. Caffeine affects calcium absorption and leads to a slightly negative calcium balance in individuals with inadequate calcium intake. Moderate coffee consumption has some other health benefits [44] , which together with our finding support moderate coffee consumption.
We found no differences in hip fracture risks between women who had received estrogen treatment or taken osteoporosis medication at baseline compared to women who did not receive estrogen treatment. One possible explanation for this result is that the new-generation drugs for osteoporosis were not available earlier in the study period, and very few women had taken medication for osteoporosis. Furthermore, population studies have observed a reduced risk of hip fractures with postmenopausal hormone use among sedentary women but not among physically active women [10, 27] . However, we did not observe this type of trend. This finding might be due to the low number of fractures, especially among women taking estrogen medication. The postal questionnaires also included questions concerning asthma and incontinence. These conditions, however, showed no effects on the hip fracture risk in this population. The strengths of this study were its population-based, prospective nature and the long follow-up period. The target population was a homogenous, stable, and representative sample of older Finnish women, obtained from the National Population Register of Finland, which provides 100% coverage. This study also has some limitations. Because of the population-based nature of the present study, the results can be generalized to older Caucasian women. However, there might be some selection bias because the 459 women (27.3% of the total cohort of 1681 women ) who neither replied to the postal questionnaires nor participated in the clinical examination were more fragile, with a higher hip fracture rate (9.8% vs. 6.3%) and higher mortality (50.8% vs. 25.1%) than the participants. According to Finnish National Institute for Health and Welfare, in year 2009, 6085 hip fractures occurred in Finland. The age-standardized hip fracture incidence of 293 fractures /100,000 persons among Finnish women has recently been reported [45] . Thus, the results may not be suitable for generalization to very frail or institutionalized women. Unfortunately, other health data were not available here for the nonparticipants. The number of hip fractures was limited. In 1222 women, we observed 49 cervical and 31 trochanteric fractures. It also should be noted that all of the clinical and questionnaire data, excluding the fracture data, were collected only at baseline and were not repeatedly collected during the follow-up. In addition, no hip or spine DXA data were available.
Conclusions
In conclusion, the differences between cervical and trochanteric fracture risk factors were observed. Low baseline physical activity and impaired functional mobility, along with low BMI, increased the risk, whereas moderate coffee consumption and arterial hypertension decreased the risk of cervical fractures. Impaired functional mobility, smoking, advanced age, and low BMI predicted trochanteric hip fractures. Further studies on the effect of impaired mobility and low physical activity are needed to confirm their independent role in hip fracture risk stratification.
